Objective. Document acute neurosurgical and rehabilitation parameters of patients of all traumatic brain injury (TBI) severities and determine whether early screening along with very early integrated TBI rehabilitation changes functional outcomes. Methods. Prospective study involving all patients with TBI admitted to a neurosurgical department of a tertiary hospital. They were assessed within 72 hours of admission by the rehabilitation team and received twice weekly rehabilitation reviews. Patients with further rehabilitation needs were then transferred to the attached acute inpatient TBI rehabilitation unit (TREATS) and their functional outcomes were compared against a historical group of patients. Demographic variables, acute neurosurgical characteristics, medical complications, and rehabilitation outcomes were recorded. Results. There were 298 patients screened with an average age of 61.8 ± 19.1 years. The most common etiology was falls (77.5%). Most patients were discharged home directly (67.4%) and 22.8% of patients were in TREATS. The TREATS group functionally improved ( < 0.001). Regression analysis showed by the intervention of TREATS, that there was a statistically significant FIM functional gain of 18.445 points (95% CI −30.388 to −0.6502, = 0.03). Conclusion. Our study demonstrated important epidemiological data on an unselected cohort of patients with TBI in Singapore and functional improvement in patients who further received inpatient rehabilitation.
Introduction
Traumatic brain injury (TBI) is a significant medical, social, and public healthcare problem worldwide [1] . More than 1.7 million people sustain TBI annually in the United States [2] .
Trauma was the fifth leading cause of death locally in 2011, and it was the leading cause of deaths in persons under 45 years which contributed more than a third of deaths in this group [3] .
Traumatic brain injury results in high mortality and morbidity with large numbers of patients sustaining permanent disability [4] .
The economic cost of TBI is tremendous with the annual economic burden of TBI in the United States approximated at US $76.5 billion [5, 6] . A local study of 91 TBI selected admissions to rehabilitation over a 2-year period indicates a total median rehabilitation charge per episode [7] of S $7845.50.
Although health-care costs associated with TBI are substantial, studies have shown that rehabilitation of TBI patients is cost-effective [8] with reduction of mortality by approximately 3607 lives annually [9] .
Very early rehabilitation is characterized by rehabilitation in acute medical units commencing as soon as patients are medically stable. In a very early rehabilitation trial for stroke (AVERT), it seems to be safe to start ambulatory therapy in patients who satisfied physiologic safety criteria within 24 hours of stroke [10] . This optimizes early neuroplastic changes leading to better recovery [11] [12] [13] . Very early rehabilitation also has benefits of faster improvement in independence and better reported quality of life [14, 15] .
Although there are benefits associated with very early rehabilitation, there is often a paucity of a coordinated effort to address the rehabilitation needs early in the acute medical units where the primary focus is to manage the acute medical problems.
Rehabilitation Research and Practice
There are datasets of TBI demographics in several national databases, but most of the patient cohorts are generally of moderate or severe TBI which do not represent the entire TBI spectrum [16] [17] [18] . There are also acute neurosurgical TBI databases, but these mainly contain acute surgical data and provide limited information on rehabilitation characteristics and functional outcomes [19] .
Hence the objectives of the study are as follows:
(i) document both acute neurosurgical clinical characteristics and rehabilitation data of patients of all TBI severities admitted into the acute hospital; (ii) determine whether early screening and provision of very early integrated TBI rehabilitation service changes functional outcomes in the group who received further inpatient rehabilitation. The patients were screened within 72 hours of admission. Patients were included in our study if they had a diagnosis of TBI. The diagnosis of TBI was made through an appropriate clinical history and examination by the admitting team and supported with computed tomography or magnetic resonance imaging brain scans.
Methods

Very Early Integrated TBI Rehabilitation.
All patients with TBI received regular twice weekly multidisciplinary reviews from the physiatrist-led rehabilitation team. This team included a nurse, physiotherapist, occupational therapist, speech therapist, dietician, and medical social worker. The aims of the review included verifying data accuracy and formulating rehabilitation plans. Our definition of very early integrated TBI rehabilitation consisted of TBI rehabilitation, while the patients were still in the acute NES unit and it served as a coordinated effort by the rehabilitation team to manage the rehabilitation issues early and facilitate functional recovery. Depending on individual needs and the medical condition of the patient, patients received approximately half an hour to two hours of therapy per day, 5 days of the week. In consultation with the multidisciplinary team, all patients received an individual specific discharge plan. Patients who were medically stable and required further inpatient rehabilitation were then further transferred to the acute inpatient rehabilitation unit of the Department of Rehabilitation Medicine, SGH, or to subacute rehabilitation facilities at the local community hospitals. The need for further inpatient rehabilitation was determined by the physiatrist-led team at the twice weekly reviews and examples of such needs included management of disorders of consciousness, motor, sensory, and cognitive deficits, language impairments, and neurobehavioral problems. The parameters collected were determined based on (1) the best available literature on known factors predicting recovery after TBI, (2) country, social, and cultural specific data, and (3) multidisciplinary team consensus meetings. In order to evaluate whether early screening and provision of very early integrated TBI rehabilitation service changes functional outcomes, we compared functional outcomes of the TREATS group of patients against the historical group. The definition of the TREATS group was patients with TBI who underwent early screening and received further inpatient rehabilitation at the SGH Department of Rehabilitation Medicine.
Clinical Variables and
The definition of the historical group was patients with TBI who received inpatient rehabilitation in the same acute rehabilitation unit prior to the implementation of the early "reach-in" screening program and these patients were usually referred to by the primary department, that is, Department of NES. Data of the historical group of patients were obtained from the Rehabilitation Database of the Department of Rehabilitation Medicine, SGH.
The difference in outcomes between the TREATS and the historical groups was measured by comparison of the FIM gain, the acute length of stay (ALOS), and the rehabilitation length of stay (RLOS) of the 2 groups.
Patients aged 65 or more were defined as geriatric patients [20] .
The etiologies of TBI were listed as falls, road traffic accidents, sports, assault, and others. For the patients who fell, the mechanisms of falls were further classified into mechanical falls (e.g., slipped and fell on wet surface), nonmechanical falls (e.g., fell as a result of muscle weakness), and unwitnessed falls. This distinction is important as patients will require further investigations for falls in the presence of medical stressors [21] . The GCS was documented on admission and used to classify the severity of TBI into mild (GCS [13] [14] [15] , moderate (9) (10) (11) (12) , and severe (GCS 3-8) categories.
The main types of TBI were based on predominant neuroimaging findings. These were categorized into subdural hematoma, subarachnoid hemorrhage, contusion, intracerebral hemorrhage, and extradural hemorrhage. Patients were Rehabilitation Research and Practice 3 defined as having a concussion if there were no structural abnormalities on neuroimaging but with presence of "physical, cognitive, emotional, and/or sleep-related symptoms that may or may not involve a loss of consciousness" [22] . All neurosurgical interventions were recorded. Comorbidities and complications such as nosocomial infections, deep venous thrombosis, and seizures were documented.
The ALOS was recorded for all patients who were acutely screened and was defined as the time from admission to the hospital to discharge to home, an acute/subacute rehabilitation unit or a nursing home. The RLOS was defined as the time from admission to the SGH inpatient rehabilitation unit to discharge to home, subacute rehabilitation facility, or a nursing home.
The main functional outcome measure is the Functional Independence Measure (FIM) which is a widely used standardized functional outcome measure in medical rehabilitation [23] . It consists of 13 motor and 5 cognitive items, with established content and construct validity, sensitivity, and interrater reliability for the measurement of general functional ability across a wide range of rehabilitation conditions. Scores range from 1 (totally dependent) to 7 (totally independent) for each of the 18 items, with a maximum score of 126 indicating total functional independence. The FIM was recorded during the first assessment of all the patients within 72 hours of admission.
The FIM gain which is the difference between rehabilitation discharge and admission FIM were recorded for the TREATS and historical groups as it is a measure of functional improvement. The FIM gain of the 2 groups was compared against one another to determine whether functional outcomes were different between the 2 groups.
Posttraumatic amnesia (PTA) was documented as it is a strong predictor of recovery after TBI. The Westmead PTA Scale is used in our study to determine the severity of memory and cognitive impairment in TBI in addition to the commonly used GCS [24, 25] . The PTA scale was administered when patients were alert and able to communicate intelligibly. Daily scores were obtained by the rehabilitation team until the patient emerged from PTA or was discharged from the acute admission. The total duration of PTA included the time from TBI to the first day the patient achieved 3 consecutive full scores of 12/12 prior to discharge.
The Rancho Los Amigos Levels of Cognitive Function Scale (RLA) is used to assess cognitive functioning in postcoma patients for the planning of treatment, tracking of recovery, and classifying outcome levels [26, 27] . This scale comprises of levels from I to VIII. The RLA scale was recorded for patients who were out of general sedation upon first assessment.
Further data on patient stay in the subacute rehabilitation facilities at the community hospitals were unobtainable.
Statistical Analysis. Data was recorded on Microsoft Excel 97-2003 and was analyzed with SPSS Statistics for
Windows, version 17.0. Chicago: SPSS Inc. We conducted descriptive analyses on the demographics of the patients who were acutely screened, their acute neurosurgical characteristics, comorbidities and complications, and rehabilitation outcomes.
Spearman's rank correlation coefficient was used to evaluate the association between ALOS and variables such as age, GCS, and total FIM in the total cohort of screened patients with TBI.
Differences between groups such as men and women in the total cohort of patients with TBI and between the TREATS and historical subgroups were analyzed using nonparametric tests when they were not of normal distributions.
Regression analysis was carried out to evaluate for clinical variables associated with FIM gain in the TREATS group.
A value less than 0.05 was considered to be statistically significant.
This study was approved by the hospital institutional review board.
Results
Demographics, Acute Neurosurgical, and Rehabilitation
Data. There were 298 patients with TBI during the study period from November 1, 2010, and February 15, 2012.
The average age of the cohort was 61.8 ± 19.1 years (range 15-99) with a significant difference of the women being older than the men in the cohort ( < 0.001) ( Table 1) . Almost half of the cohort (49.0%) was geriatric patients (Table 2) . There were almost twice as many males who sustained a TBI (male/female ratio 1.9 : 1).
The most common etiology of the TBI was falls (77.5%), followed by road traffic accidents (10.0%) ( Table 1) . Less common etiologies were assault and sports. There was a statistically significant difference between genders when compared for the etiologies of TBI ( = 0.03) ( Table 1) .
Within the fall category, 61.9% were males and almost half (48.7%) of the falls were of nonmechanical origin. These included patients who fell due to syncope or other neurological symptoms. Thirty one percent of falls were mechanical in origin, while unwitnessed suspected falls constituted 20.2% of the fall cohort. Among those who fell, 57.8% were aged 65 and above ( = 0.018) and the most number of falls happened in the age group 70-79 years (Table 2 ) with a high significance of falls in the geriatric age group (91.8% versus 63.8%, < 0.001).
The admission GCS scores indicated that the majority of patients (83.2%) sustained mild TBI (Table 1) and there seemed to be an increase in frequency of mild TBI with increasing age with the highest number in patients aged 70-79 years old (Figure 1 ). There was no significant difference between the 195 men and 103 women regarding severity of injury based on GCS scores on admission ( = 0.37) ( Table 1 ). The majority of patients (67.3%) sustained subdural hematoma (SDH) or subarachnoid hemorrhage (SAH) or both SDH and SAH (Table 3) .
Sixty-two patients (20.8%) received various neurosurgical interventions such as burr hole drainage, craniectomy, and external ventricular drain insertion. Six patients (2%) required tracheostomy.
Forty-eight patients (16.1%) had nosocomial infections with the 2 most common infections being pneumonia and urinary tract infection (Table 3) . About half of the TBI patients (50.7%) were in the RLA VIII category (Table 4) .
More than half of the TBI patients (63.8%) were in PTA during assessment.
Most of the patients (67.4%) from the acute neurosurgical ward were discharged home. About a quarter of the patients (25.8%) required further inpatient rehabilitation in a rehabilitation facility and majority of these patients (88.3%) were transferred to the Department of Rehabilitation Medicine of SGH (TREATS). The remaining 9 patients were transferred to subacute rehabilitation facilities at the community hospitals. There was a statistically significant difference between the TREATS group of patients and the directly discharged group of patients in the admission GCS scores (13 versus 14, resp.; < 0.001) and admission total FIM (51.1 versus 85.7, resp.; < 0.001). Seven (2.3%) patients were discharged to Rehabilitation Research and Practice 5 35 ). There was no significant difference in the FIM scores on admission between men and women ( Table 1) .
The average ALOS in the cohort of 298 patients with TBI was 19.9 ± 28.7 days (range . The ALOS was shown to have a moderately negative correlation with GCS on admission ( = −0.387, < 0.001) and total FIM ( = −0.517, < 0.001). However, the relationship between ALOS and age was poor ( = −0.140, = 0.015).
Outcome and Subgroup Analyses of TREATS Group.
Sixty-eight patients were in the TREATS group. This was compared against a group of 51 historical patients.
The mean age of TREATS was 66.2 ± 17.0 (range 15-92), whereas the mean age of the historicals was 47.8 ± 20.1 (range 14-81) ( < 0.001). Patients in the TREATS group showed functional improvement during the inpatient rehabilitation stay as demonstrated by statistically significant changes in FIM ( < 0.001) ( Table 5) .
There was no statistically significant difference between the TREATS and historical groups regarding the total FIM on admission and upon discharge (Table 5 ). There was also no difference in the total FIM gain, motor FIM gain, and cognitive FIM gain in both groups ( Table 5 ).
The total LOS of TREATS was longer than historicals (47.2 days ± 36.8 versus 44.7 days ± 52.8, = 0.329). The ALOS of TREATS was shorter (20.5 days ± 20.8) compared against historicals (24.3 days ± 45.9) ( = 0.929) and the RLOS of TREATS was longer (26.7 days ± 22.0) compared against historicals (20.4 days ± 16.9) ( = 0.089) ( Table 5 ).
The rate of medical complications was 39.7% in the TREATS group and was similar to that of the historical group (37.3%).
The rate of neurosurgical interventions was 35.3% in the TREATS group compared against 43.1% in the historical group.
Regression Analyses.
The regression analysis on total FIM gain in TREATS and historicals demonstrated with the intervention of TREATS, there was a statistically significant functional gain of 18.445 points in FIM (95% CI −30.388 to −0.6502) ( = 0.03).
The regression model on total FIM gain in the TREATS group estimated about two-thirds of the variance in this variable (adjusted 2 = 0.67) ( Table 6 ). Factors associated with a higher FIM gain were shorter RLOS and younger age. Factors associated with a lower FIM gain were higher admission FIM scores. Gender, neurosurgical interventions, and medical complications such as infections, deep venous thrombosis, and seizures were not significantly associated with FIM gain. 
Discussion
Our aims of this study were firstly to prospectively look at the demographics, clinical characteristics of patients of all TBI severities admitted into the acute hospital, and secondly to determine whether early screening and provision of very early integrated TBI rehabilitation service changes functional outcomes in the group who received further inpatient rehabilitation.
There are very few studies that looked at early "reach-in" service of patients with TBI within 72 hours of neurosurgical admission and these studies mainly looked at selected cohorts of patients with TBI especially severe TBI [28] [29] [30] . Our study looked at early rehabilitation of patients of all TBI severities. We are not aware of any studies similar to ours locally.
The most common etiology of TBI in our total cohort of 298 screened patients was falls followed by road traffic accidents. This could be due to our cohort that was generally older with an average age of 61.8 years and the elderly are at risk of falls due to age-related physical frailty, immobility, and reduced functional capacity. It seems like our elderly are very susceptible to falls with 91.8% of the geriatric age group sustained a fall leading to TBI. This trend was also seen in the United States with falls attributing to 61% of TBI among adults aged 65 and above [31] . This further emphasizes the need to look into fall prevention strategies and prioritize health-care resources for the elderly as our local population is rapidly ageing. By the year 2030, the number of estimated residents in Singapore aged 65 and above will reach about 20% of the total population [32] .
The statistically significant difference in age between the TREATS and historical groups could reflect more comprehensive patient screening and identification processes inherent in the early "reach-in" screening program.
In our study, males are almost twice as likely as females to sustain a TBI and this is consistent with the general TBI cohort in both overseas and local settings [7, 33] . This is in spite of our cohort having more falls than road traffic accidents, but the reasons for more males were predisposed to falls is unclear. This observation is different from that seen in some of the local studies which had shown that females tend to fall more than males [34, 35] , but the different observations could be related to different cohorts of patients that were selected from different settings.
Although the LOS of the TREATS and historical groups were not statistically different, the observation of the ALOS of the TREATS group was shorter than that of the historical group and the RLOS of the TREATS group was longer than that of the historical group supported the fact that early "reach-in" screening picked up patients with rehabilitation needs earlier. By provision of early screening and integrated TBI rehabilitation, the TREATS group functionally improved.
Both of the ALOS of our total cohort of 298 screened patients with TBI (19.9 days) as well as ALOS of the TREATS group (20.5 days) were shorter compared with a local study on a selected group of patients undergoing TBI rehabilitation in a dedicated facility (34.9 days) [7] . This may be explained by, firstly, average time from injury to admission to TBI rehabilitation unit was shortened with early screening of all patients with TBI admitted into the neurosurgical unit. Secondly, most of our screened cohort and the TREATS group sustained mild TBI with higher average admission GCS scores (GCS 13.6 and 13.0, resp., versus 8.3) which also reflected most of our patients that were discharged home directly.
Mammi et al. carried out a similar study which involved the early participation of a physiatrist in ICU and neurosurgery rounds 3 times a week with the aim to start comprehensive rehabilitation as soon as possible [28] . In their study, 88 patients with TBI were accepted for inpatient rehabilitation after the early screening during the 4-year study period. Their mean ALOS was 18 days which was similar to that of our TREATS group (20.5 days). However, their mean RLOS was longer than our TREATS group (37.0 days versus 26.7 days). This difference could possibly be explained by their group of patients having more severe injuries as reflected by the lower mean GCS (7.01 versus 13.0). Their demographics were also different from our group. The cause of TBI in their cohort was mostly due to motor vehicle accidents (85%), whereas the cause in our TREATS group was mostly related to falls (80.9%). Their patients were younger (35.12 years versus 66.2 years) than our patients in the TREATS group. Both their study and our study also showed a statistically significant gain in FIM after inpatient rehabilitation.
Our study showed a poor relationship between ALOS and age. Frankel et al. also reported that ALOS did not differ between older (age > 44 years) and younger (age ≤ 44) patients [36] . This indicated that although age was one of the prognostic indicators of TBI recovery [37] , there could be other more significant factors that impacted ALOS such as the initial GCS and the total FIM on admission.
Conclusion
In conclusion, our study provided important country and culture specific epidemiological data on an unselected cohort of patients with TBI in Singapore. It was noted that the leading cause of TBI was falls and our patients were generally elderly. This data may serve as an important reference when planning for a national database and could help prioritize limited health-care resources in our local setting. It emphasizes the need for a comprehensive country wide falls prevention initiative especially in the elderly population.
By providing very early integrated TBI rehabilitation within the acute hospital setting, patients with TBI were seen by the rehabilitation team earlier and those with further rehabilitation needs were sent to the dedicated TBI rehabilitation unit earlier. Our results showed that there are functional improvements in the subset of patients who further received inpatient rehabilitation. Our study has shown that it is feasible to provide such an early integrated TBI rehabilitation service within an acute level I trauma center.
As several overseas studies have shown that early rehabilitation improves functional outcomes [8, 9] during the acute hospitalization which in turn leads to significant reduction in economic costs [38, 39] , we have plans to continue this program with the aims to collect more data especially assessment of long-term functional outcomes to further determine the long-term benefits and cost effectiveness of such a very early integrated TBI rehabilitation program.
Study Limitations
Our study looked at screening patients with TBI of all severities for early acute rehabilitation. This is a heterogeneous group where functional outcomes are widely different.
Although we attempted to collect data on duration of PTA, much of the data was incomplete so we were not able to report PTA duration in the results.
We were not able to carry out a randomized controlled trial because it did not seem ethical to deny patients with TBI early screening and provision of early integrated TBI rehabilitation. Instead, we carried out subgroup analysis of the TREATS group who received further inpatient rehabilitation in a dedicated TBI rehabilitation unit and compared against the historical group who did not undergo early screening.
We recognized that the TREATS group may not be exactly comparable against the historical group as these 2 groups of patients were heterogeneous with a wide spectrum of injury severities and clinical variables. Nevertheless, it provided valuable information regarding functional outcomes of early screening followed by early provision of TBI rehabilitation during acute hospitalization in patients of all TBI severities.
